In two consecutive years, primi-and multiparous, spring-calving Hereford and Hereford x Angus cows ( n = 32, yr 1; n = 42, yr 2 ) were used to determine the effects of supplements and lactational status on forage intake, digestibility, and energy intake. Cows were randomly allotted to treatments after being blocked by age, breed, and weight. Supplements fed during gestation provided .55 kg/d of CP from a 40% CP, soybean meal-based supplement (PROTEIN) or a 20% CP, soybean hull-based supplement (ENERGY). After calving, cows remained on the same supplement or were switched. In yr 2, a 40% CP supplement was also fed postpartum at nearly the same rate as ENERGY to provide twice the supplemental CP and energy as PROTEIN. Prairie hay (< 5% C P ) DM1 was measured directly and DM digestibility estimated for two 7-d periods during late gestation and early lactation. Gestating cows fed PROTEIN consumed 1 kg/d more hay DM and hay DM digestibility was greater ( P < .OO 1) than for cows fed ENERGY. Lactating cows also consumed more hay when fed PROTEIN than when fed ENERGY or HI PROT, but hay DM1 was not affected. Total ME intake was similar for cows fed PROTEIN and ENERGY in late gestation or early lactation. Results indicated that ENERGY will decrease low-quality forage digestibility for prepartum cows and can decrease forage intake for both pre-and post-partum cows. Increasing the total energy intake of grazing cattle by feeding supplements is difficult after protein requirements are met.
Introduction
Spring-calving cows fed winter supplements containing wheat middlings (Lusby et al., 1991a,b) or alfalfa (Delcurto et al., 1990) fed at isonitrogenous levels t o soybean meal gained more BW and body condition score ( BCS) during gestation. However, cow BW and BCS were not improved when cows were supplemented with increased levels of energy from wheat middlings during lactation (Lusby et al., 1991b) , suggesting that responses in BW and BCS differ with physiological status. Postpartum increases in DM1 in excess of 30% are common for dairy cows (Campling, 19661 , with smaller increases reported for beef cows (Vanzant et al., 1991) . It is possible that increased forage intake during lactation may alter associative effects of supplements on forage intake and digestibility. Greater postpartum DM1 coupled with increased protein requirements of lactating beef cows lApproved for publication by the Director, Agric. Exp.
Sta. J. h i m . Sci. 1995. 73:651-656 could result in inadequate concentrations of CP in the diet of lactating beef cows and limit utilization of energy.
The objectives of our study were to determine the effect of differing levels of protein and fiber-based energy supplements on intake and digestibility of low: quality forage by beef cows during late gestation and early lactation.
Materials and Methods
Thirty-two primi-and multiparous, spring-calving Hereford and Hereford x Angus cows were used in yr 1 and 42 in yr 2 t o determine effects of supplement type and stage of lactation on forage intake and digestibility. Cows were randomly selected from herds ( n = 96 in yr 1 and 126 in yr 2 ) that were used to evaluate effects of pre-and postcalving energy and protein levels on cow and calf performance. Cows had been allotted to the different supplement treatments in November after being blocked by breed, age, and weight (Marston et al., 1995) . Supplements fed precalving (Tables 1 and 2 ) consisted of a 20% CP soybean hull-based supplement ( ENERGY) or a 40% CP soybean meal-based supplement ( PROTEIN) fed &Calculated from feed composition tables (NRC, 1984) , except soybean hulls (NRC, 1988) .
to provide .55 kgld of CP. After calving in yr 1, cows remained on the same precalving supplement or were switched to the other supplement based on allotment in November. After calving in yr 2, one-third of the cows from each precalving treatment continued to be fed the same supplement, one-third were fed the other precalving supplement, and one-third were fed a 40% CP supplement at a rate to provide 1.1 kg/d of CP ( HI PROT). Therefore, it was an unbalanced designed 2 x 3 factorial experiment with repeated measurements in two periods (HI PROT was not fed the 1st yr). Amounts of supplement fed were reduced in the 2nd yr because cows weighed less (Tables 3 and 4 (Panicum virgatum) harvested in small square bales during the August prior to the feeding trials. Supplement was fed individually once daily at 0800. Hay was placed in feeders twice daily before cows were fed and orts were removed nightly. When not in their stalls, cows were maintained in an open drylot (30 m x 18 m ) and provided water only. During the lactation phase, calves remained in the drylot while cows were being fed hay and were allowed t o suckle at will when dams were in the drylot. Between intake trials, cows were returned to dormant native grass pastures and were managed with the remainder of the cows used for the performance study. Cows not suckling a calf ( y r 1, n = 2; yr 2, n = 3 ) were eliminated from the lactation phase.
One day before trial periods, cows were weighed after 16-h overnight withdrawal from feed and water. This weight was used to express forage DM1 for each period. Voluntary forage intake was measured directly for 7 d following a 7 d adaptation period to the hay and supplement feeding schedule and indigestible marker intake. On April 21, milk production was estimated using the weigh-suckle-weigh technique (Drewry et al., 1959) modified for consecutive 8-h periods.
Fecal output was estimated by feeding each cow 10 g/d of chromic oxide as an indigestible marker. Chromium recovery in the feces was assumed to be 100% (Vogel et al., 1985; Ovenell et al., 1991) . The chromic oxide was mixed with dry-rolled corn ( 10 g of Cr203/113.5 g of corn) and fed at 0800 daily with the supplement to achieve rapid and complete consumption. Rectal grab samples were taken at 0800 and 1700 on d 8 through 14. Samples were thoroughly mixed, and equal aliquots were taken and composited. Fecal samples were dried in a forced-air furnace at 60°C for 48 h, ground through a 2-mm screen, placed in plastic bags and stored at -20°C until chromium analysis. Fecal Cr concentrations were analyzed by atomic absorption spectrophotometry (Williams et al., 1962) using an air-acetylene flame.
Samples of hay, orts, and supplements were collected daily and composited after each period. Feedstuff samples were ground through a 2-mm screen, placed in plastic bags, and stored at -20°C. Crude protein of hay and supplement samples was determined as Kjeldahl N (AOAC, 1980) x 6.25. Neutral detergent fiber and ADF concentrations of feed were determined by the nonsequential procedure of Goering and Van Soest ( 19701, except that decalin and sodium sulfite were omitted from the neutral detergent reagent (Robertson and Van Soest, 1981) . Total diet digestibility was determined using the measured intake of total diet and the estimated total fecal output. Digestibility of the supplements was assumed to be the TDN values reported in NRC ( 1984) for their various ingredients, except for soybean hulls (NRC, 1988) . Fecal output from hay was determined by subtracting estimated fecal output of the supplement from total fecal output. Digestibility of the hay was calculated from the measured hay intake and the estimated hay fecal output. Daily ME intake was determined using the formula: .82(forage digestible DM1 x 2 Mcalkg) + (supplement TDN x 3.62 Mcal/ kg) (NRC, 1984) .
A linear model was fit to the data for each response variable by least squares using the GLM procedures of SAS (1985) . The initial model contained year, treatment, period, breed, and age, all two-and three-way interactions among these factors, and the covariables of BW and birthday within year. Also included was a random effect for cow within treatment x year, which was used as the error term for testing treatment. All other sources of variation were tested against the residual error term.
In the initial models, neither breed nor age, nor any of the interactions except treatment x period, was significant ( P > .20). Thus, the final model contained year, treatment, period, the treatment X period interaction, and the random cow effect. When the F-test for treatments was significant ( P < . 0 5 ) , comparisons among treatments compared PROTEIN vs ENERGY and ENERGY vs HI PROT. Data were pooled for the gestation period between years, but because of the missing cell for HI PROT the 1st yr, data are reported on a yearly basis for the lactation period.
Results and Discussion

Gestation
The supplement X year interaction was not significant ( P > .31) for any response variables so data were pooled across year (Table 3) . Cows fed PROTEIN consumed greater amounts of hay DM than cows fed ENERGY. The decrease in daily hay DM1 was less than the difference in the amount of supplements fed, indicating that the ENERGY supplement did not entirely substitute for hay. Hay intake was similar t o intake reported for other low-quality grasses or hays fed to gestating beef cows supplemented with soybean meal and corn (Rittenhouse et al., 1970) ; cottonseed meal, soybean meal, or cracked barley (Kartchner, 1981) ; dehydrated alfalfa (Vanzant et al. 1991) ; or alfalfa (Stanley et al., 1993) . When expressed on a BW basis, PROTEIN-fed cows consumed .2 percentage units more DM than cows fed ENERGY. Similar results were reported by Fleck et al. ( 1988) and Ovenell et al. ( 199 l ) , who compared energy supplements composed of corn gluten meal and wheat middlings, respectively. Fecal DM output values were within the range of normal estimates (.8 to 1% of BW) for dairy and beef cattle (Conrad et al., 1964; Owens et al., 1991) . Owens et al. ( 199 1) indicated that a positive relationship exists between forage DM1 and fecal DM output, but no evidence exists to explain whether one controls the other. Hay DM digestibility was approximately 6 percentage units greater ( P < .001) for gestating cows fed PROTEIN than for those fed ENERGY. Ovenell et al. (199 1) noted that DM digestibility of native grass hay (4.9% CP) for gestating and lactating cows was 5 and 8 percentage units greater for cows supplemented with soybean meal than for cows supplemented with wheat middlings or a corn-soybean meal supplement, respectively. They speculated that the decrease in hay digestibility was caused by the starch component of the wheat middlings and corn-soybean meal supplements, although it is possible that protein was limiting in their diets. Fleck et al. (1988) reported gestating cows supplemented with isonitrogenous levels of corn gluten feed (another ruminally degradable fiber) and soybean meal had similar low-quality hay DM digestibility. However, soybean hulls contain no starch (Hsu et al., 1987) and, therefore, starch cannot explain reduced DM digestibility of hay in our study. Owens ( 1986) reviewed the effects of soybean meal supplementation on ruminal fiber digestion and indicated that soybean meal consistently increases ruminal ADF digestion approximately 5 percentage units over a variety of other supplement types. He accredited this to increased microbial activity, but the exact mechanisms of microbial stimulation are still unclear. Table 5 . Voluntary hay intake and digestibility, fecal Fecal output was consistently between 1.2 and 1.3% output and metabolizable e n e r a and crude Protein of BW for all lactating cows in both years, greater than values reported for cattle by Conrad et al. ( 1964) and Owens et al. ( 1991) Total ME intake was slightly higher (nonsignificant) for gestating cows supplemented with ENERGY. When the PROTEIN and ENERGY supplements were fed in a companion study to gestating cows grazing dormant native range from November to March, cows supplemented with ENERGY gained only 9 kg more prepartum than cows fed PROTEIN (Marston, 1995) .
Although total GP intake was similar for cows fed PROTEIN or ENERGY ( P < .70), the percentage of CP was greater ( P < .002) for PROTEIN-fed cows (10.1 vs 9.3%). PROTEIN and ENERGY-fed cows consumed 124 and 120% of the daily requirements of CP (NRC 1984) ; supplements provided 60 to 65% of the total CP intake, respectively.
Lactation
Because HI PROT was not fed during the first year and the postcalving supplement x year interaction approached significance ( P < .20) , data are presented by year (Table 4) .
The precalving x postcalving supplement interaction did not contribute to variation ( P > .81) in hay DM1 of lactating cows. Hay DM1 was greater for PROTEIN than for ENERGY-fed cows in yr 1 ( P .OO 1) and yr 2 ( P < .13). Cows fed ENERGY and HI PROT (yr 2) had similar hay DM1 ( P > .93) and consumed more total diet DM than PROTEIN-fed cows (10.3, 10.5, 9.5 kgfd; respectively). During both years, when hay DM1 was expressed as a percentage of BW, PROTEIN-fed cows ate more hay than did cows fed ENERGY. In yr 2, ENERGY and HI PROT-fed cows consumed similar amounts of hay DM expressed as a percentage of BW.
Hay DM1 was significantly lower during the 2nd yr than during the 1st yr, regardless of whether hay DM1 was expressed as kilogramsfday or as a percentage of BW.
incurred during calving and early lactation affected values expressed on a BW basis. If the cow BW taken during the gestating phase was used to express percentage of fecal DM output observed during the lactation period, fecal DM output values would be .8 to 1.0% of BW.
Hay DM digestibility was similar for lactating cows fed PROTEIN or ENERGY in yr 1, but in yr 2 was greater for PROTEIN ( P < .08). Hay DM digestibility was similar for ENERGY-and HI PROT-fed cows.
Calculated ME intake was similar for PROTEINand ENERGY-fed cows in both years of the study. These findings agree with similar postcalving BW changes of cows supplemented with PROTEIN or ENERGY in the companion performance study and for lactating cows supplemented with isonitrogenous amounts of wheat middlings and soybean meal (Lusby et al., 1991b) . Intake of ME was similar ( P < .35) for lactating cows fed HI PROT or PROTEIN. Cows consumed similar amounts of CP in both years. By design, HI PROT-fed cows consumed more CP than cows fed either PROTEIN or ENERGY ( P < .001). According to NRC ( 1984) the GP intake (expressed as total CP or a percentage of diet DM) for cows fed PROTEIN or ENERGY supplements was deficient, especially in yr 2. The HI PROT was the only supplement that resulted in adequate daily CP intake (NRC, 1984) .
Daily milk production was similar (about 6.7 kg) for all supplements fed during lactation ( P > .50).
Physiological Status
Forage DM1 increased by 2 kgfd or .37% of BW as cows advanced from late gestation to lactation (Table  5 ). Rapid increases in forage intake after beef cows calve have been reported by Vanzant et al. ( 199 1) and Stanley et al. (19931, and our study suggests that forage intake will increase by 6 wk after calving.
The DM digestibility of hay was not affected by lactational status ( P > .52). Gunter et al. (1989) noted no difference in DM digestibility between pregnant and nonpregnant ewes, as did Ovenell et al. (199 1) with gestating or lactating beef cows. By combining increased forage intake with similar forage digestibility, fecal output was elevated after parturition ( P < .OO 1). Increased forage intake accounted for the increase in daily ME consumed from late gestation t o early lactation.
It seems that greater nutrient demand by lactating cows drives the increase in energy intake, especially with low-quality roughage similar to the hay used in our study.
Implications
Increasing the total energy intake of cows consuming low-quality forage by feeding energy supplements is difficult after protein requirements are met. Beef cows consume approximately 28% more total dry matter when lactating than when in late gestation, but the substitution of supplement for forage dry matter is not changed.
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